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SUMMARY
Whole body vibration training has been shown to improve athletic performance. However, the 
majority of  studies have utilised relatively intensive training programmes. The current study assessed 
the effect of  a 6-week vibration training programme on a recreationally active population. Following 
institutional ethics approval, 22 healthy, recreationally active male individuals were recruited and ran-
domly assigned into either a vibration group (n = 11) or a control group (n = 11). The vibration group 
undertook 6-weeks training, conducted once-a-week, utilising 3 different squatting exercises (120º and 
90º static squats, and 120º - 90º dynamic squat) on a NEMES Bosco vibration platform: Week 1 (3 x 
60s, 35Hz/2mm); Week 2 (3 x 70s, 35Hz/2mm); Week 3 (3 x 60s, 40Hz/2mm); Week 4 (3 x 70s, 
40Hz/2mm); Week 5 (3 x 60s, 45Hz/2mm); Week 6 (3 x 70s, 45Hz/2mm). The control group fol-
lowed the same training programme with sham (0Hz/0mm) vibration. Prior to, and on completion 
of, the study all participants performed 3 maximal countermovement jumps to assess muscular 
power. A 2-way ANOVA with repeated measures, with one between-subject factor ″group″ (experi-
mental vs. control) and one within-subject factor ″time″ (pre vs. post intervention), indicated that there 
was a significant time x group interaction (p < .0001) for countermovement jump performance between 
the intervention (pre- .43 ± .08m to post- .49m ± .08) and control group (pre- .43 ± .07m to post- .41 
± .08m). Results suggest that 6-week vibration training conducted once-a-week is sufficient to elicit 
significant increases in jumping performance in a recreationally active population.
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INTRODUCTION
Vibration can be described as a mechanical stimu-
lus characterised by a recurring oscillatory motion 
back and forth over the same pattern. We experience 
vibration throughout our daily lives when driving a 
car or operating machinery with motorised parts and 
exposure is traditionally associated with negative ef-
fects on the human body. However, whole body vi-
bration (WBV) training also referred to as vibration 
training (VT) or vibration exercise (VE) has been 
developed as a relatively recent advance in health and 
fitness. The most common method of  receiving vi-
bration, as a specific training modality, is through the 
use of  a vibration platform, also known as a vibrati-
on plate (Figure 1). These platforms operate in mo-
vements, which can be classified as either linear 
(vertically only), oscillating (moving vertically on al-
ternate sides in a seesaw-like manner) or tri-planar 
(moving through all three axis), with the intensity of  
the training being manipulated by altering the frequen-
cy and/or amplitude of  oscillations (Hawkey, 2012). 
The frequency of  the vibration stimulus simply 
quantifies the number of  impulses or oscillations (Hz) 
delivered every second (the repetition rate of  the 
cycles), while the amplitude corresponds to the extent 
of  the vertical displacement from the centre point of  
movement or its equilibrium position (Riley & Sturges, 
1996). The acceleration of  the movement is measured 
in g’s, or magnitudes of  gravity (where 1g is the acce-
leration due to the earth′s gravitational field or 9.81 
m.s-2). The acceleration that a body experiences whi-
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le on a vibration platform can be estimated using the 
equation shown in Figure 2. (Where a is the accele-
ration experienced expressed as the equivalent of  the 
acceleration of  earth’s gravity [9.81 m.s-2]; A is the 
amplitude of  the vibration; and f  is the frequency of  
the vibration). For this formula to work effectively it 
is vital to reduce each component to mass, length and 
time, so that force = mass x length x time-2 (Hawkey, 
2012). 
Although the exact mechanisms are not yet fully 
understood, it is thought that WBV elicits changes 
through physiological adaptations to accommodate 
vibratory waves (Cardinale & Bosco, 2003), via a 
process termed the tonic vibration reflex (TVR; No-
rdlund & Thorstensson, 2007); originally proposed 
by Eklund and Hagbarth (1966) following research 
directly exposing tendons to vibration. It is believed 
that stimulation of  neuromuscular pathways and 
muscle spindles (Ia. afferent) excites the motor-neu-
rons, causing contraction of  homonymous motor 
units (Luo, McNamara, & Moran, 2005), which, ac-
cording to Mester, Kleinoder, and Yue (2006), means 
that TVR can improve maximum voluntary contrac-
tion of  muscles. However, the connection between 
WBV and the TVR has not been fully accepted, with 
others proposing alternative mechanisms of  increased 
muscle temperature and blood flow (Issurin & Te-
nenbaum, 1999), change of  perception by vibration 
(Liebermann & Issurin, 1997), increased hormone 
secretion (Cardinale & Bosco, 2003), and motor-unit 
synchronization and the recruitment of  previously 
inactive motor-units (Issurin & Tenenbaum, 1999). 
Research has shown that performing traditional we-
ight training on a vibration platform produces signi-
ficantly greater improvements in maximal strength 
and explosive power compared to traditional weight 
training (Ronnestad, 2004), while increases in the 
rate of  force development and a reduction in electro-
mechanical delay, both beneficial for explosive mu-
scular activation, have also been observed (Hong, 
Kipp, Maddalozzo, & Hoffman, 2010). 
Vibration training has therefore been utilised for 
a variety of  purposes in both the medical and sporting 
arenas. Improvements in bone health of  post-meno-
pausal women (Rubin et al., 2004), balance, gait, and 
quality of  life ratings of  elderly patients (Bruyere et 
al., 2005), and the reduction of  joint swelling in rhe-
umatoid arthritis patients (Kumari, Wyon, Hawkey, 
& Metsios, 2011) have all been observed, while the 
jumping performance of  semi-professional football 
players (Hawkey, Evans, & Nevill, 2012), professional 
football goalkeepers (Hawkey, Morrison, Williams, & 
Nevill, 2009a), and athletes′ sprinting, jump height 
and explosive strength endurance (Paradisis & Za-
charogiannis, 2007) have all been enhanced by WBV 
programmes. However, not all research has reported 
such improvements; one study conducted on basket-
ball players reported no changes in jumping perfor-
mance following WBV exposure (Hawkey, Lau, & 
Nevill, 2009b). The reasons for this disparity in fin-
dings could be multi-factorial: differing protocols, 
testing equipment, and the performance level or 
experience of  the participants. While the majority of  
previous research has reported improvements in 
jumping performance in these trained populations, 
those conducted on sedentary or recreationally active 
individuals are limited. Torvinen, Kannu, and Sievanen 
(2002) found an 8.5% improvement following a 
4-month intervention in untrained individuals. Howe-
ver, no placebo group was utilised making it difficult 
to ascertain if  the improvements resulted from the 
exercises that were performed on the platform or 
from the WBV intervention. Delecluse, Roelants, and 
Verschueren (2003), did include a control group and 
reported a nearly 17% improvement in knee extensor 
strength and an almost 8% increase in the jumping 
performance of  sedentary individuals who adhered 
to a WBV training programme 3-times-a-week over 
a 12-week period. With the popularity and availabili-
ty of  vibration platforms in fitness centres and gym-
nasia around the world reported to be increasing 
(Fischbach, 2007), there is a need to add further re-
search to the limited amount of  data available on the 
effects of  WBV on untrained and recreationally ac-
tive populations. Therefore, the aim of  the current 
study was to examine the effects of  a relatively short 
duration, low intensity, WBV training programme, on 
the jumping performance of  a recreationally active 
population.
METHODS
Following institutional ethics approval, and the 
completion of  informed consent forms and medical 
questionnaires, 22 healthy, recreationally active, male 
undergraduate sports students (age mean 28, s = 10 
years; height mean 1.77, s = .09 m; mass mean 77, s 
= 13 kg,) were randomised into either a WBV or 
control group. The vibration intervention consisted 
of  6-week WBV training, utilising three different 
squatting exercises (static half  squat at 120o, static 
deep squat at 90º and a dynamic squat ranging from 
120º to 90º; monitored using a goniometer), conduc-
ted once a week, on a NEMES Bosco vibration 
platform (Figure 1). Prior to training and testing, both 
vibration and control groups completed a warm up, 
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which consisted of  5 minutes on a Monark Cycle 
Ergometer with heart rate between 120-140 BPM in 
accordance with the American College of  Sports 
Medicine (ACSM) who recommend a minimum of  
five to ten minutes of  low- to moderate-level activity 
in order to increase muscle temperature (ACSM, 2012). 
Training followed the overload principle: 3 x 60s (1 
x 60s for each exercise, with 30s rest between each) 
at a frequency of  35Hz and amplitude of  2mm (acce-
leration = ~9.86g) in week one; 3 x 70s at 35Hz/2mm 
(~9.86g) in week two; 3 x 60s at 40Hz/2mm (~12.9g) 
in week three; 3 x 70s at 40Hz/2mm (~12.9g) in 
week four; 3 x 60s at 45Hz/2mm (~16.3g) in week 
five; and 3 x 70s at 45Hz/2mm (~16.3g) in week six. 
The protocol was selected to reflect previous research 
suggesting that frequencies between 35Hz and 50Hz 
can improve vertical jumping performance in untrai-
ned (Delecluse et al., 2003; Bazett-Jones, Finch, & 
Dugan, 2008) and trained individuals (Hawkey et al., 
2009a). The acceleration of  vibration was calculated 
in accordance with Hawkey (2012) (Figure 2). 
Prior to, and on completion of, the study all par-
ticipants performed three maximal countermovement 
jumps (CMJ); reported to be an accurate and reliable 
method of  assessing body size-independent muscular 
power (Markovic & Jaric, 2007). All jumps were per-
formed on a contact mat (Just Jump: Probotics Inc. 
USA); utilised in a number of  previous studies (Chri-
stensen and Nordstrom, 2008; Delecluse et al., 2003; 
Hawkey et al., 2012) and shown to be a reliable method 
FIRURE 1 
An athlete trains on the NEMES Bosco Vibration Platform (© Adam Hawkey)
FIGURE 2 
Formula used to calculate acceleration of  vibration (adapted from Hawkey, 2012)
a = g
A x (2 f)
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of  assessing jump performance (Isaacs, 1998), with 
high criterion validity (Leard et al., 2007). During the 
jump testing, hands were required to remain on the 
hips in accordance with previous research (Hawkey 
et al., 2012; Linthorne, 2001) in an attempt to stan-
dardise jumping technique and because arm use has 
a significant impact on jumping performance (Linthor-
ne, 2001). Knee angles for the jumps were initially 
measured using a goniometer, and were then control-
led visually to ensure consistency. All CMJ data was 
analysed using a 2-way ANOVA with repeated mea-
sures, with one between-subject factor ″group″ 
(experimental vs. control) and one within-subject 
factor ″time″ (pre vs. post intervention).
RESULTS 
A 2-way ANOVA with repeated measures indica-
ted that there was a significant time x group interac-
tion (p < .0001) for CMJ performance between the 
intervention (pre- .43 ± .08m to post- .49m ± .08) 
and the control group (pre- .43 ± .07m to post- .41 
± .08m) (Figure 3). 
FIGURE 3 
Plot from the 2-way ANOVA showing pre- and post- jump performance in the vibration and control groups
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DISCUSSION
Previous research into the effects of  WBV has 
shown improvements in a variety of  performance 
measures in a range of  populations. Studies conduc-
ted on footballers and athletes (Hawkey et al., 2009a, 
2009b; Hawkey et al., 2012; Paradisis & Zachardiogi-
orgis, 2007) and sedentary individuals (Delecluse et 
al., 2003; Torvinen et al., 2002) have all highlighted 
that WBV has the potential to improve activity spe-
cific performance. Results of  the current study show 
that 6-weeks WBV training is sufficient to elicit signi-
ficant improvements in vertical jumping performan-
ce in a recreationally active male population. The 
difference between the pre- and post- jumping per-
formance of  the WBV group equates to a > 14% 
improvement, while the control group experienced a 
3% reduction in pre- to post- measures; resulting in 
a significant time x group interaction (p < .0001). 
Despite the current study only being conducted over 
a period of  6-weeks the findings show similarities 
with the studies of  Delecluse et al. (2003) and Torvi-
nen et al. (2002), which were conducted over 12-we-
ek and 4-month periods, respectively. However, it is 
difficult to directly compare these studies due to 
differences in experimental protocols, the different 
equipment used for both testing and training, and the 
variation of  performance level and training experien-
ce of  the participants. This is highlighted by Moras, 
Tous, Muñoz, Padullés, and Vallejo (2006) who state 
that differences in their results when compared aga-
inst other similar studies could have been due to 
different equipment (NEMES versus PowerPlate), or 
different samples employed in the respective trials. 
One difference in protocol is that Delecluse et al. 
(2003) used only female participants, while the current 
study utilised a male only population. This is poten-
tially significant because, according to Bazett-Jones 
et al. (2008), men and women respond differently to 
vibratory stimuli. There is also an obvious disparity 
in the frequency and amplitude of  the platform uti-
lised in the current study compared to some previo-
us research. While it has been widely reported that a 
frequency of  30Hz is conducive to improvements in 
muscular power (Paradisis & Zachardiogiorgis, 2007), 
it is currently unclear why this is the case and there 
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is currently confusion regarding how certain variables 
used in vibration training (frequency, amplitude and 
acceleration) are reported and quantified (Hawkey, 
2012; Lorenzen, Maschette, Koh, & Wilson). The 
justification for using a frequency range of  35-45Hz 
and amplitude of  2mm was in accordance with pre-
vious research (Delecluse et al., 2003; Hawkey et al., 
2009a, 2009b; Hawkey et al., 2012), which had repor-
ted improvements in jumping performance within 
these ranges. The squatting exercises (90º – 120º) used 
for the current study were also used in accordance 
with previous research showing favourable outcomes 
in jumping performance (Hawkey et al., 2012; Para-
disis & Zachardiogiorgis, 2007).
It is also difficult to quantify the mechanisms in-
volved in the reported performance improvements. 
Enhancements in muscular performance following 
WBV are similar to those seen after explosive power 
training (Bosco, Colli, & Introini, 1999). As the first 
mechanism involved in skeletal muscle adaptation is 
neural (Delecluse et al., 2003), it is therefore likely 
that the improvements in performance, reported 
following WBV, are also likely to originate from ne-
ural adaptations. The mechanisms of  these improve-
ments are likely to be through stimulation of  the 
primary endings of  the muscle spindle, resulting in a 
tonic contraction of  the muscle, known as the tonic 
vibration reflex (Mester et al., 2006), increases in 
motor unit synchronisation, co-contraction of  the 
synergist muscles, and increased inhibition of  the 
antagonist muscles (Hawkey, 2012). It is feasible to 
suggest that improvement in muscular power in the 
12-week (Delecluse et al., 2003) and 4-month (Tor-
vinen et al., 2002) studies were not only influenced 
by neural adaptations (as mentioned above), but also 
through intramuscular factors such as enlargement 
of  slow- and fast-twitch fibres; as has been reported 
in studies using vibration exposed rats (Necking, 
Lundstrom, Lundborg, Thornell, & Friden, 2006).
The results from this current study add to the 
growing evidence about the benefits of  vibration 
training on a range of  performance measures in a 
variety of  populations. Combined with the findings 
of  Delecluse et al. (2003) and Torvinen et al. (2002) 
in particular, this current study’s findings are encou-
raging for those individuals, who are sedentary or 
inactive, wanting to improve their muscular strength 
following a relatively low impact, low intensity exer-
cise intervention. However, there are some limitations 
with the current research. Although the study was 
very well controlled regarding the standardisation of  
training protocols, and performance level of  the 
participants, there was no regulation of  participants’ 
activity outside of  the confines of  the study. It is 
therefore feasible that participants, in either the con-
trol or the WBV group, undertook additional training 
during the intervention; this could have contributed 
to the improved jumping performance of  the WBV 
group or jeopardised the control group due to muscle 
fatigue. That the acceleration rate was not quantified 
or verified using accelerometers, as was the case during 
the Delecluse et al. (2003) study is also a negative 
aspect of  the current research. 
CONCLUSION
Results from the current study appear to suggest 
that a 6-week WBV training programme, conducted 
once-a-week, has the potential to significantly impro-
ve the jumping performance, and therefore muscular 
power, of  a recreationally active male population. 
While results from this current and other previous 
studies would lend support to the inclusion of  vibra-
tion interventions for a range of  health, fitness, and 
performance improvements it is currently unclear as 
to the exact mechanisms influencing these benefits 
and the potential impact, if  any, of  any external tra-
ining performed outside the realms, and control, of  
the current study. Future research should now focus 
on ascertaining the optimum frequencies and ampli-
tudes conducive to maximising performance impro-
vements. The effect of  activity/performance level, 
the duration and specific exercises performed on the 
vibration platform, and also any age and sex differen-
ces would also be useful variables to investigate further.
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